various energy related studies use the data envelopment analysis (DEA) approach to measure the efficiency of decision making units (DMUs). However, heterogenous DMUs and either inappropriate input or outputoriented DEA model lead to unreasonable results. K-Mean clustering method was applied to select homogenous countries from energy data perspective. The input oriented DEA model was performed for power stations (PS) under renewables. The PS under non-renewables and refineiries as well as demand side were analyzed via the output-oriented model. The energy related quality of life (QoL) was the output of the demand efficiency analysis. The overall energy efficiency was calculated by multiplying the efficiency of both sides of energy. The results of the paper specified that the highest potential energy saving (PES) source in the supply side belongs to the non-renewables in power stations, followed by refineries, and finally deployment of renewables. Demand side analysis identified that the highest PES belongs to countries with high population, and high-income economy. In conclusion, the results of overall energy efficiency relying on QoL, suggested an allowance for non-renewables deployment in countries with low economic and low population. The allowance was proposed to support energy poverty, health improvement, and promotion of education.
Nomenclature
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Introduction
Energy is an economic good [1] which influences on economic, environment, and human development [2] . One of the purposes of the energy policy is to improve the energy efficiency in all its life cycle. Energy cycle consists of supply and demand technologies, institutions, energy resources, energy consumption pattern, energy policies, and regulations [3] . Investigation on overall energy efficiency targets the energy life cycle from the cradle to grave [4] . It explore the potential ways to reduce energy consumption in both sides of energy system. Analysis of energy efficiency from consumer perspective specifies how much resource extraction in the supply side is required to satisfy the human needs [4] in the demand side. Human needs analysis and its relation with energy consumption identifies the social value of energy [5] , [6] to reduce energy poverty and CO 2 emissions as well as improve human development [7] in the society.
However, applying the DEA technique on heterogeneous countries from economic, and population provides impractical results, to evaluate and calculate the potential energy saving. This study conducts K-Mean clustering approach to find homogenous countries from economic and population, which are influential factors on energy consumption within country [1] . Then, the DEA technique is used for each group of homogenous countries to measure the reasonable potential energy saving within country. In other words, this study employs an analytical approach to answer the following research question:
I) How much potential energy saving is available in the energy system of a country relying on QoL?
The first contribution of the current paper is to conduct the K-Mean clustering method to homogeneity of the DMUs (here, energy consumption of countries). The second contribution of the paper includes the combination of the supply and demand side's efficiency by concentration on QoL to measure the overall efficiency. Applying the de-commoditization strategy to separate the efficiency analysis of renewables from non-renewables by two different orientation models, is the third contribution of this article.
Methodology
Equation (1) illustrates the overall efficiency definition as a ratio of satisfaction to eco-sacrifice [4] . Decomposition of the ratio in terms of the service and commodities, extracts three strategies for enhancing environmental sustainability [8] . 
The last ratio from right in equation (1) , points out eco-efficiency strategy, and the next term addresses decommoditization strategy, and the final one specifies eco-sufficiency strategy. Eco-sufficiency strategy limits the excessive use of natural resources, which brings about a little change in human development. Assume that the TPES of a country flows into power stations, refineries, or directly flows into end-use consumption 1 , equation (1) is rewritten as follows:
Two last terms in the right-hand side of equation (2) identify the efficiency of demand side in the energy system. Dividing satisfaction of a community into its population results in per capita satisfaction. This paper applies a QoL index as a proxy for per capita satisfaction, by assuming the strong relationship between human satisfaction and QoL [9] , [10] . The third term measures the efficiency of the supply side in the energy production system, in which the RE resources in the denominator indicates the de-commoditization of the energy resources. The NRE resources equals to the sum of the P_NRE and R_NRE resources. Figure 1 demonstrates the framework of the overall efficiency associated to the demand and supply side of the energy system. The framework takes into account the social aspects of energy consumption through QoL indicator in the demand side. The DEA method [11] is applied to measure the efficiency of supply and demand side separately, which their multiplication calculates the overall efficiency.
DEA Model and technical efficiency
The CCR [11] and BCC [12] models are two famous approaches of the DEA to measure the technical (global) and pure technical (local) efficiency scores, respectively. Thus, considering scale inefficiency for the energy system of countries as a phenomenon is somewhat unfair [13] , and hence, the rest parts study BCC models. Generally, DEA models maximize the ratio of output(s) to input(s) subjected to some constraints. The maximization process is obtained either minimizing the input variables (input-oriented model) or maximizing the output variables (output-oriented model). The output and input-oriented BCC models with input variables' X=(
with n decision making units are presented in equation (3) and (4), respectively. 
Implementation of the DEA models to calculate the efficiency is affected by inconvenient data. Countries with low population and developed economy usually gain a higher efficiency score. Considering that energy consumption is heavily influenced by the population and the economy of a country. Therefore, this study categorizes 112 countries based on two aforementioned factors. Then, the DEA models are carried out for each category to provide benchmarking and efficiency information as close to practical as possible. 
Potential energy saving
Potential energy saving in both supply and demand side, is measured by technical inefficiency. In supply side, technical inefficiency data are multiplied by input (output) of the corresponding DEA model to measure the potential energy saving as follows.
Potential energy saving at refinery= Ineff. R. × R_NRE (6) Potential energy saving at power stations under P_NRE resources= Ineff. P_NRE. × P_NRE
Potential RE deployment at power stations under RE resources = Ineff. RE. × (Electricity +Heat) RE (8) To measure the potential energy saving in the demand side, the QoL value of each country is obtained through the following formula: 
Where 2,T 1 implies to i th variable out of six variables of the QoL function in j th country at time t. The 2 1 points out the coefficient corresponding the i th variable at time t. The coefficients are obtained by factor analysis method (for more information please see [15] ). The QoL value in equation (9) is normalized as follows: 
According to [15] , the relationship between the results of equation (10) and FECpc has been modeled as follows:
Where α t and β t identify the shape and scale parameters for QoL against FECpc at time t, respectively. However, demand side analysis in the output-oriented model of DEA demonstrates the efficient country from QoL perspective with given FECpc. In other hands, the technical inefficiency value in the outputoriented DEA model suggests how much output (QoL value) should be increased to attain the efficient level, 
Where max or min ( T,• 1 ) characterizes the maximum or minimum T 1 among 112 countries data, before considering inefficiency, which obtained through equation (10) . By replacing the result of equation (13) into equation (11), the FECpc a is calculated. The key point here is that the above calculation measures just differentiation of FECP and QoL through the equation (11) . This differentiation is used to calculate the potential energy saving in the demand side. However, the potential energy saving associated to the decommoditization is measured as follows:
Potential energy saving related to de-commoditization=
Potential RE deployment at power stations under RE resources / ɳ
Where ɳ is the efficiency of power stations under NRE resources, which is calculated by dividing the output (Heat+Electricity) P_NRE to the input (P_NRE). The numerator of equation (14) is obtained by equation (8) .
In fact, this study assumes the overflow of energy production through RE resources can reduce the energy production by NRE resources.
Variables and data sources
This section defines all variables required to calculate the overall efficiency attributable to the energy system in 112 countries for nine years as Table 1 . The RE consists of wind, solar, hydro (tide, wave, and ocean), geothermal, and biomass. In contrast, the P_NRE includes coal, crude oil, oil products (if applied for power plants 2 ), natural gas, and nuclear. All data are collected through IEA website [16] , except QoL data, which are measurable through reference [15] . The GDP, GNI, IMR, LEB, IWA, and MYS data, which required to calculate the QoL indicator, are obtained from the websites of the World Bank and Barro & Lee [17] , [18] , [19] . The normalizing process, equation (10) , brings all QoL data into the range of [0, 1]. Thus, the FECpc data in equation (11) are transformed into the 10-base logarithm function to close the data range to each other.
Results
This section includes the analysis of supply and demand side of energy separately, and finally multiplying the efficiency of both sides to obtain overall efficiency. Before proceeding with the DEA models, the KMean clustering method is conducted to categorize all countries into nine groups.
Country categorization
Different boundaries for both population and GDP values corresponding with each year are obtained (Table  2 ). Figure 2 represents the position of the G_1 to G_9 groups for data belong the year 2013. During a nineyear period, a country can be placed on different groups. The most frequently occurring, or repetitive, value in a group array of a country is considered as a rule to decide which country belongs to which group. It should be noted that the G_3 and G_7 are empty groups which excluded from the group list. After categorizing 112 countries, the DEA models are performed to evaluate the efficiency of the energy system in a country compared with its group members.
Supply analysis results
Supply efficiency analysis includes two parts: 1) Electricity and heat generation through power stations 2) Oil products via refineries. Import of oil products, electricity, or heat does not consider in the supply efficiency analysis, because their influences are measured through QoL calculation by GDP and/or GNI indicators.
Electricity and Heat generation system
The output and input-oriented models of DEA were implemented for the electricity and heat generated through RE and P_NRE resources, respectively. To separate the electricity and heat generated by renewables, this paper gathered all outputs of power plants consist of electricity, CHP, and heat plants. The amount of electricity and heat generated through renewables were fixed, and subtraction of the both was assigned for non-renewables. In some cases, data obtained from "Renewables and Waste" of a country did not consistent with the output of power station in the balance sheet of the country such as Luxembourg. Table 3 specifies the efficiency scores for power stations in terms of their resource types (RE, and P_NRE) as well as total power stations, for G_9 countries. Brazil, China, France, Russia, and Turkey are identified as an efficient country from electricity and heat generation. Indonesia obtained the lowest level of efficiency between 13 countries. In other words, its technical inefficiency in P_NRE and RE are 0.1211 and 0.8543, respectively. Although, the inefficiency value for Indonesia is too high, the percentage of RE in the energy mix program of the country is so low. Thus, the total power stations efficiency for the country is 0.6610.
Oil refinery
Oil refineries convert crude oil into more useful products. The input-oriented model of DEA was carried out for the refinery system to measure the efficiency. According to the Table 3 , France, Italy, Japan, Turkey, and United States are efficient countries in the refinery industry from DEA model. Indonesia with 0.9424 efficiency score obtained the lowest level of efficiency among G_9 countries.
Demand analysis results
The output-oriented DEA model is used for the demand analysis to consider how much QoL value can increase in a country, while keeping FECpc (or FEC). Table 3 depicts the efficiency results, in which UK, Mexico, India, and Germany were identified as an efficient country. Russia, and China are two countries with the lowest level of efficiency in the demand side based on QoL output.
Overall efficiency results
The results of the overall efficiency (Table 3) illustrate that the highest level of overall energy efficiency among G_9 countries, belongs to the US, followed by Japan, and France. In contrast, Indonesia, Russia, and China gained the lowest level of overall efficiency respectively. Table 4 shows the amount of potential energy saving based on the supply (Primary energy) and demand (Final energy) side, among G_9 countries in the year 2013. In the refinery industries, China, Russia, and Mexico are three countries with the highest potential to reduce energy consumption. Indonesia, Germany, India, Brazil, and UK are next potential countries to energy saving in the refinery industries. In terms of power stations under NRE resources, India, UK, Germany, Indonesia, and Mexico gained the highest potential of energy saving. Finally, in the renewable energy production system, the US, India, Italy, Japan, Germany, Indonesia, and UK can increase their renewable energy outputs by benchmarking from other countries in this group such as Russia, and Brazil. Total potential energy saving in the refinery, and power stations in G_9 is 137587 ktoe for the year 2013. The highest potential of energy saving is for the power stations under NRE resources, followed by refinery and the last one is renewables development. Table 4 shows the US, India, Italy, Japan, and Germany have obtained the highest potential energy saving by de-commoditization among the G_9 countries. The last column of Table 4 represents the results of potential energy saving through QoL improvement. China, Russia, and Brazil are three countries with the highest potential to increase their QoL with current FEC (or FECpc). Table 5 illustrates total potential energy saving in the demand and supply side for the seven groups. Group nine has the highest potential to reduce energy consumption in both sides, followed by the G_5 countries. Additionally, power stations with P_NRE resources have the highest potential to save natural energy resources, especially by increasing technical efficiency of related technologies. The potential energy saving in the demand side has the lowest level because of output oriented assumption in the DEA model. Indeed, the output oriented assumption considers an improvement in QoL, while maintaining FECpc. Therefore, effective energy policy brings about 1025 ktoe energy saving in the final energy, which its corresponding primary energy value changes based on different types of feedstock as well as conversion technology efficiency. The potential energy saving in the demand side for the G_9 countries in the year 2013, are greater than the potential energy saving in refinery in G_1, G_2, G_4, or G_6 countries. Additionally, it is higher than the potential energy deployment by RE in G_1, and G_4 countries, together (same results for de-commoditization). It presents that potential energy saving at power stations under P_NRE as well as refineries is decreasing. One of the reasons is to the increment of technology efficiency in non-renewable's power stations and refineries, which has reduced the potential energy saving in these areas. In contrast, the potential energy saving is increasing for power stations under RE resources and demand side.
Potential energy saving results
